Cover cropping and liquid manure application are considered as effective ways to replace the use of chemical fertilizer in orchard. This study was conducted to investigate the effect of cover crop species and liquid manure application rate on green manure production, leaf mineral content, fruit quality and soil chemical properties in pear orchard. The treatments include rye and hairy vetch as cover crops, two liquid manure application levels based on N and K 2 O requirement on each cover crop species, and chemical fertilizer as control. Green manure production was higher in hairy vetch than in rye. K content of pear leaves and soil exchangeable K content increased in N based liquid manure application treatments. The yield was higher in rye + liquid manure and fertilizer treatments, and fruit quality was not different between the treatments. Taking all of these into account, rye + K 2 O requirement-based liquid manure application is recommended in pear orchard for not only sufficient nutrient supply but also prevention of any problem related with soil K 2 O accumulation in pear orchard in long-term perspective.
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Introduction
As consumers' interest in environment-friendly agricultural products increases these days, many fruit growers have been adopt cover cropping system in their orchards, and they have been seeking alternatives to chemical fertilizer for successful organic fruit production (Lee et al., 2012) . Cover cropping between tree rows can be an inexpensive and effective way to achieve the goal, because cover crops such as winter rye and hairy vetch bring many benefits to crop production. The introduction of cover crops into a cropping system provides and conserves nitrogen for crops, reduces soil erosion, increases soil organic matter content, and controls weed (Hartwig and Hoffman, 1975) . Legume cover crops have the potential for fixing nitrogen, a portion of which will be available for high-nitrogen-requiring crops. In addition, in areas where excess nitrogen is already a problem, the use of ground covers may provide a sink to tie up some of this excess nitrogen and hold it until the next growing season, when a crop that can make use of it might be planted (Hooda et al., 1998) .
However, there has been a dispute on the potential decline in tree vigor and fruit yield if there is no additional nutrient supply (Jokela et al., 2009 ). In addition, in order to cope with the government policy aiming at replacing the use of chemical fertilizer as well as a ban on the dumping livestock manure at sea, SCB (slurry composted biofiltration) liquid manure application combined with cover cropping system should be taken into consideration. There have been several studies to find appropriate cover crop species and to investigate the effect of different management practices of cover crops on the green manure production and returnable nutrient rate into the soil in pear orchards. However, still much is unknown about details, such as liquid manure application rate in pear orchard managed by cover cropping system, for successful pear production. The aim of this work was to evaluate the effect of cover crop species and liquid manure application rate on green manure production, leaf mineral content, fruit quality, and soil chemical properties in pear orchard.
Materials and Methods
Cover cropping, liquid manure application and sample preparation The experiment was carried out during 2013~ 2014 in a 18-year-old pear (Pyrus pyrifolia cv. Niitaka) orchard planted at a spacing of 5×1.7 m in Suwon, Korea. Rye (Secale cereale) and hairy vetch (Vicia villosa) seeds were sown on October 15, 2013. The seeding rates of cover crops were 16 and 6 kg 10a , and the randomized complete block design was used in this experiment. Soil samples were collected by soil auger in the depth of 5~15 cm on July 31, and leaf samples were obtained from the middle of the shoot, early in August.
The soil chemical properties of pear orchard and the mineral content of SCB liquid manure used in this experiment are presented on Table 1 and 2, respectively.
Soil and plant analysis Chemical analysis for determination
of the mineral content of each sample was conducted according to methods of soil chemical analysis (NIAST, 1988) . For the determination of soil pH, air-dried soil samples were mixed with deionized water with a ratio of 1 : 5 (soil : water) and the pH of the clear supernatant was measured by pH electrode (Orion VERSA STAR, Thermo fisher scientific, US), and then, soil electric conductivity (EC) was measured by electric conductivity meter (CM-30R, DKK-TOA, Japan). Soil inorganic nitrogen content was measured by Kjeldahl apparatus (K-314, BUCHI, Switzerland), after extracting from fresh soil sample with 2 M KCl (soil : solution ratio was 1 : 5) for 30 minutes. Soil available phosphate was determined according to the method of Lancaster. For determination of soil exchangeable cation (K, Ca, and Mg), air-dried soil samples were extracted with 1 N ammonium acetate (soil : solution ratio was 1 : 10) for 30 minutes, and concentration of the extract was determined by ICP-OES (SDS-720, GBC, Australia). Quantitative analysis of plant N followed Kjeldahl method. About 3 g catalyst mixture (K2SO4 : CuSO4 = 9 : 1) and 10 mL concentrated sulfuric acid were added to 0.5 g of dry plant samples for digestion, and then the distillate obtained by Kjeldahl apparatus (Kjeltec 8400, Foss, Sweden) was titrated with standardized 0.1 N HCl. Mg ha Statistical analysis Analysis of variance of the data were performed using the SAS statistical package (version 9.2, SAS Institute, Cary, NC).
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Results and Discussion
Effect of cover crop species and liquid manure application rate on green manure production and returnable nutrient rate Green manure production was more affected by cover crop species rather than by liquid manure application rate (Table 3) . Accumulated dry weight of hairy vetch was about three times higher than that of rye. The three-year average yield of green manure between two perennial cover crops was different by 21% (Shinners et al., 2010) . Returnable nutrient rate by cover crop showed similar results with the green manure production. Although there was no significant difference between the same cover crop treatments in this experiment, rye tended to increase its drymass and returnable nutrient rate as liquid manure application rate increases. On the other hand, hairy vetch showed a decrease in them. The main factor related to green manure production is different depending on the species. In rye, liquid manure application was more effective in increasing cover crop biomass and returnable nutrient content than cutting frequency. In contrast, the cover crop biomass and returnable nutrient content were more affected by cutting frequency rather than liquid manure application in hairy vetch (Lee et al., 2013) .
Effect of cover crop species and liquid manure application rate on leaf mineral content in pear tree Leaf K content was higher in N based liquid manure application plot than in other treatments (Table 4) . That is because SCB liquid manure features a relatively high percentage of K2O, although it contains low rate of N (Park et al., 2013) . Other mineral contents of pear leaves were not different significantly, but leaf N content tended to be higher in hairy vetch treatments and chemical fertilizer than in rye treatments. It also tended to increase slightly as liquid manure application rate increases. - Effect of cover crop species and liquid manure application rate on soil chemical properties Hv + LMN showed the highest inorganic nitrogen content of all the treatments, and soil exchangeable K content increased as liquid manure application rate increases (Table 5) . If liquid manure application is based on the N requirement, there is potential to increase soil exchangeable K content (Park et al., 2013) .
Effect of cover crop species and liquid manure application rate on fruit quality and yield of pear There was no significant difference in fruit quality between the treatments (Table 6) . Fertigating SCB liquid manure in peach orchard has positive effects on fruit weight and yield as chemical fertilizer (Park et al., 2013) . However, further long-term study on the effect of the liquid manure application rate on fruit quality and yield based on the soil organic matter content will be needed. Total soluble solids-titratable acidity (TSS-TA) ratio of the juice of satsuma mandarin and specific gravity of fruit were negatively correlated to leaf N content, whereas TA content correlated positively with leaf N (Tachibana & Yahata, 1998) .
Conclusion
Green manure production was higher in hairy vetch than in rye. K content of pear leaves and soil K2O increased in N requirement based liquid manure application treatments. The yield was higher in rye + liquid manure and fertilizer treatments, and fruit quality was not different between the treatments.
